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ABSTRACT 


This  progross  report  evaluates  the  effects  of  strength 
level  I  Charpy  V-notch  energy,  prestraining,  prestraining  and 
stress  relieving,  and  austenitizing  terperature  on  the  fatigue 
life  of  a  fully  quenched  HY-80  steel  conqposition.  The  fatigue 
data  developed  herein  Indicate  that  the  designer  would  have  to 
be  cautious  when  going  to  higher  strength  steel  when  using  a 
safety  factof  which  is  considered  satisfactory  for  lower 
strength  steels,  i.e.,  if  higher  strength  steels  are  to  be 
used,  larger  safety  factors  are  necessary  to  obtain  a  com¬ 
parable  fatigue  life.  The  limited  data  presented  on  eaqperi- 
mental  HY-150  steels  indicate  that  caution  will  have  to  be 
exercised  in  evaluating  large-specimen  fatigue  data. 

INTRODUCTION 

The  data  given  in  this  report  were  prepared  for  presentation  at  a 
Low-Cycle  Fatigue  Colloquium  held  at  the  Marine  Ehgineering  Laboratory  on 
9  and  10  December  1963. 

The  data  and  discussion  presented  are  only  a  fraction  of  the  infor¬ 
mation  coiqpiled  and  analyzed  by  the  Model  Basin  on  the  influence  of  metal¬ 
lurgical  factors  on  the  fatigue  life  of  an  HY-80  steel.  A  series  of 
reports  is  being  prepared  to  cover  the  full  scope  of  this  work.  Accordingly, 
this  present  paper  is  intended  as  a  progress  report. 

This  study  was  performed  under  Bureau  of  Ships  assignment  S-F013 
03  02,  Task  2018.* 

The  metallurgical  evaluation  of  HY-60  steels  taken  from  models 
fatigue  tested  to  destruction  permit  only  a  gross  metallurgical  description. 
Very  little  data  were  available  to  aid  in  interpreting  the  influence  on 
fatigue  life  resulting  from  nonmartensitic  products,  prior  austenitic  grain 
size,  strength  level,  and  prestraining;  in  other  words,  the  magnitude  of 


*Bureau  of  Ships  letter  C-NP/S,  serial  320-060  of  Oct  1961. 


the  individual  effects  of  those  metallurgical  factors  on  fatigue  life  could 
not  bo  assessed  on  the  basis  of  routine  laboratory-  examinations. 

Accordingly}  a  limited  program  was  undertaken  to  systematically 
investigate  the  effects  of  various  metallurgical,  factor's  on  the  fatigue 
life  of  an  HY-80  steel;  see  Figure  1.  Briefly,  the  fatigue  study  entails 
the  following: 

1.  Four  yield  strength  levels  (85,  105,  120,  and  150  ksi), 

2.  Two  grain  sizes  (ASI^I  9  and  ASTM  4)  at  the  105-ksi  yield  strength 

level . 

3*  Three  microstructures  (martensite,  bainite,  and  ferrite)  at  the 

85-,  105-,  and  120-ksi  yield-strength  levels. 

4*  Evaluation  of  fatigue  specimens: 

a.  In  the  as-heat-treated  condition. 

b.  After  prestraining  2  percent  in  tension  or  compression. 

c*  Stress  relieving  after  prestraining. 

Each  group  of  fatigue  specimens  was  tested  at  a  nominal  80,  95, 

105|  and  11^  percent  of  its  yield  strength. 

MATI31IAL 

Figure  2  depicts  the  upper  and  .lower  bounds  of  maximiim  transverse 
Charpy  V-notch  energy  for  commercially  produced  HY-80  coit5)ositions  heat 
treated  to  various  strength  levels.  The  HY-SO  steel  selected  for  this  in¬ 
vestigation  (01MB  plate  £103)  falls  at  the  lower  bound.  It  is  interesting 
to  note  that  HY-80  steel  HC,  which  falls  at  the  upper  bound,  has  a  chemis¬ 
try  similar  to  that  of  DTMB  plate  £103  which  falls  on  the  lower  notch 
toughness  bound. 

The  effects  of  varying  the  microstructure  by  Isothermal  treatments 
on  the  notch-toughness  properties  for  different  yield  strengths  of  the  HY- 
80  steel  selected  for  this  investigation  are  shown  in  Figure  3.  The 
teiig>ered  martensitic  structure  indicated  by  the  solid  line  had  generally 
the  best  notch-toughness  properties.  The  effects  of  various  percentages 
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of  noninartensitic  products  will  be  discussed  in  subsequent  reports.  Speci¬ 
mens  austenitized  at  2000  F  (not  shown  on  this  curve)  had  NOT  temperatures 
about  100  F  higher  for  any  given  strength  level.  However,  the  maximum 
Charpy  V-notch  energy  levels  were  the  some.  Correlations  between  Charpy  V- 
notch  maximum  energy  and  fatigue  life  will  be  presented  in  the  test  results. 

The  stress-strain  curves  obtained  after  heat  treatment  are  depicted 
in  Figure  4.  This  figure  shows  the  effects  of  various  tendering  tempera¬ 
tures  and  microstructures  on  the  yielding  characteristics  of  the  HY-80 
steel  used  in  this  investigation.  Except  for  the  specimens  heat  treated  to 
the  162-ksi  yield  strength,  all  stress-strain  curves  demonstrated  plateau, 
or  semi-plateau  yielding  characteristics.  Load-strain  curves  extended  to  a 
total  of  2  percent  indicated  that  the  yield-point  elongation  did  not  go 
significantly  above  the  stress  level  indicated  at  the  termination  point  of 
each  stress-strain  curve  shown  in  Figure  4. 

A  Bsuschlnger  effect  was  Introduced  by  the  pres training.  Specimens 
which  were  stress  relieved  after  prestraining  showed  that  the  as-heat- 
treated  yield  strengths  were  not  exceeded  when  tested  either  in  tension  or 
conpresslon.  In  fact,  the  character  of  the  pres trained  and  stress -relieved 
stress-strain  curve  was  similar  to  that  of  the  as-heat-treated  material, 
indicating  that  stress  relieving  had  not  introduced  strain  aging,  and  had 
eliminated  Bauschinger  effect. 

An  investigation  of  over  one  thousand  commercially  produced  HY-80 
steel  plates  showed  that  the  majority  of  the  pla'  es  had  upper  and  lower 
yield  points,  or  plateau-yielding  characteristics  similar  to  those  shown  in 
Figure  4.  The  stress-strain  curves  that  exhibit  upper  and  lower  yield 
points,  or  plateau  yielding,  are  considered  discontinuous  since  both  curves 
have  an  extended  area,  usually  around  2  percent,  where  the  strain  increases 
without  increases  in  stress.  This  increase  in  deformation  without  additional 
stress  is  called  the  yield-point  elongation.  Therefore,  the  stress-strain 
curves  shown  in  Figure  4  are  considered  typic6CL  of  those  found  for  com¬ 
mercially  produced  HY-80  steels. 

Figure  5  shows  the  relationship  between  yield  strength  and  tensile 
strength  for  the  three  microstructures  investigated;  to  summarize: 

1.  For  100  percent  martensite: 

a.  Up  to  110-ksi  yield  strength,  the  yield  strength  increases 
more  rapidly  than  the  ultimate  tensile  strength, 
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b.  From  110-  to  140-ksl  yield  strength,  the  yield  strength 
and  ultimate  strength  increase  proportionately. 

c.  From  140-  to  165-ksi  yield  strength,  the  ultimate  tensile 
strength  increases  at  a  greater  rate  than  the  yield  strength. 

d*  A  reversal  in  yield  strength  occurs  at  ultimate  tensile 
strengths  exceeding  180  ksi. 

2*  For  SO  percent  bainite  and  50  percent  martensite: 

a.  The  ratio  of  yield  strength  to  ultimate  tensile  strength  is 
lower  for  the  structure  containing  bainite  than  for  the 
100  percent  martensitic  structure  for  all  yield  strengths 
in  excess  of  80  ksi. 

b.  Yield  strengths  increase  at  a  greater  rate  than  the  ultimate 
tensile  strength  up  to  a  yield  strength  of  120  ksi. 

c.  After  120-ksi  yield  strength,  the  ultimate  tensile  strength 
increases  at  a  greater  rate  than  the  yield  strength. 

3.  For  25  percait  ferrite  and  75  percent  martensite : 

a.  At  80-ksi  yield  strength  and  above,  the  ratio  of  yield 
strength  to  ultimate  tensile  strength  i.?  lowest  for 
structures  containing  ferrite. 

b.  to  80«4csi  yield  strength,  the  yield  strength  increases 
more  rigidly  than  the  ultimate  tensile  strength. 

c.  At  a  yield  strength  greater  than  80  ksi,  both  yield  strength 
and  tensile  strength  increase  at  about  the  same  rate. 

From  Figure  5,  it  can  generally  be  stated  that  from  80-  to  90-ksi 
yield  strength,  the  ratios  of  yield  strength  to  ultimate  tensile  strength 
are  the  same,  0.80  to  0.85.  The  significance  of  Figure  5  for  evaluating 
fatigue  characteristics  based  on  submersible  design  concepts  will  be 
covered  in  the  discussion. 

SPECIMENS  AND  TEST  PROCEDURES 

Standard  R.  R.  Moore  sijqple  beam  fatigue  specimens  were  used  in 
this  study,  as  showi  in  Figure  6.  All  specimens  were  mechanically  polished 
so  that  the  final  polishing  marks  were  parallel  to  the  major  longitudinal 
axis  of  the  specimen.  Five  specimens  were  used  to  define  the  fatigue  life 
of  each  of  the  stress  levels  investigated. 
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The  required  loads  were  applied  by  use  of  a  hydraulic  jack  arrange¬ 
ment;  i.e.,  the  weights  were  slowly  lowered  on  the  specimen  as  it  was 
rotating.  After  full  application  of  load,  the  cycles  and  time  to  failure 
were  noted.  All  specimens  were  tested  at  a  nominal  2000  rpm.  At  failure, 
the  specimens  showed  none  of  the  temper  colors  which  are  indicative  of 
overheating;  however,  there  were  indications  that  some  of  the  specimens 
warmed  up  just  prior  to  failure. 

Immediately  after  final  polishing  and  during  fatigue  testing,  the 
specimens  were  coated  with  dodecyl  alcohol  to  avoid  variables  introduced  by 
environmental  conditions  such  as  high  humidity. 

TEST  RESULTS 

Since  this  is  a  progress  report,  the  raw  data,  the  least  square 
equations,  and  standard  deviations  will  be  tabulated  for  all  test  conditions 
and  reported  as  a  supplement  to  the  final  report. 

APPLIED  STRESS  VIRSUS  LOG  NUMBER  OF  CYCLES  TO  FAILURE 

Presented  in  Figure  7  are  curves  showing  the  standard  applied  stress 
versus  log  number  of  cycles  to  failure  obtained  from  four  different  yield- 
strength  levels  of  fully  ten?)ered  martensite  from  89  to  162  ksi.  The  static 
tensile  proportional  limits  and  yield  strengths  are  superimposed  on  these 
curves.  The  following  observations  can  be  made  from  Figure  7: 

1,  As  ejtpected,  the  higher  the  yield-strength  level,  the  longer 
the  fatigue  life  for  the  applied  stress  levels  investigated. 

2,  Regardless  of  strength,  when  the  applied  load  equals  the  static 
yield  strength,  the  fatigue  life  falls  between  5000  to  20,000 
cycles;  therefore,  any  HY-80  structure  alternately  cycled  at 
its  yield  strength  can  be  expected  to  have  a  fatigue  life  of 
loss  than  20,000  cycles. 

3,  When  loaded  to  the  proportional  limit,  an  infinite  life  is 
obtained  only  for  the  specimens  heat  treated  to  89-ksi  yield 
strength.  Since  the  fatigue  specimens  used  in  this  study  can  be 
considered  ideal,  an  HY-80  structure  subjected  to  fatigue  can  be 
expected  to  have  a  finite  life  rather  than  an  infinite  life 
period  when  stressed  to  its  static  proportional  limit. 
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EFFKC^TS  OF  RATIO  OF  APPLIKD  STRKiiS  TO  Ml’X’.HANlOAL 
PROPERTIES  ON  FATIOUh  LIKE 

The  Navy  procures  HY-HO  atc'!  under  military  spec i ficat ion  MIL-sS» 
lb2Ii]0,  One  of  the  main  mechanical "^^roperty  requii'ementi  ia  that  MY-RO 
steel  normally  used  in  structures  shall  have  a  yield  strength  ranging  front 
80  to  95  kai.  No  mlnlinum  la  required  for  ultimate  tensile  strength.  There¬ 
fore  it  can  be  deduced  from  the  mechanical  properties  specified  in  MIL-N- 
16216G  that  the  structural  designer  uses  as  safety  factors,  various  ratios  of 
of  structural  loads  to  yield  strength  rather  than  to  ultimate  tensile 
strength.  If  this  is  the  case,  then  fatigue  life  for  a  given  structure  has 
to  be  evaluated  as  a  function  of  the  ratio  of  applied  stress  to  yield  strength, 
When  the  fatigue  data  given  in  Flgxiro  7  are  replottod  to  show  the 
ratio  of  ^plicd  stress  to  yield  strength  (Figure  h),  it  can  be  clearly 
seen  that  for  a  given  ratio,  the  lower  strength  fatigue  specimens  had  the 
longer  life. 

If  the  designer  wishes  to  use  some  ratio  of  the  elastic  portion  of 
the  stress-strain  curve  as  a  basis  for  determining  his  safety  factor,  then 
it  can  be  clearly  seen  (Figure  9)  that  the  highest  strength  material  has 
the  lowest  fatigue  life  as  detentiined  by  the  ratio  of  applied  stress  to 
tensile  proportional  limit  versus  log  number  cycles  to  failure, 

It  is  customary  in  engineering  tests  to  conpai'e  fatigue  life  to  the 
ratio  of  applied  stress  to  ultimate  tensile  strength  for  various  steels  or 
for  the  same  steels  having  various  strengths.  Figure  10  is  such  a  plot 
for  HY-eO  steel  heat  treated  to  various  strength  levels.  This  figure  shows 
that  there  is  no  significant  difference  in  fatigue  life  when  these  steels 
are  compared  on  the  basis  of  the  ratio  of  applied  stress  to  ultimate  tensile 
strength. 

Figure  11  clearly  depicts  the  effects  of  tensile  yield  strength  on 
the  fatigue  life  of  ideal  specimens  for  given  ratios  of  applied  stress  to 
tensile  yield  strength.  Standard  deviation  depicted  ij»  this  figure  shows 
that  the  curves  obtained  for  each  given  ratio  do  not  overlap  and  that  the 
fatigue  data  are  distinctive  for  each  tensile  yield-strength  level. 

EFFECTS  OF  PRESTRAINING  AND  STRESS  RELIEVING  ON  FATICHJE  LIFE 

The  effects  of  pres training  in  tension,  compression,  and  stress 
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r^ll«vlnR  in  l■'tnu^‘«  U,  \\w  0ff«eti  of 

t«nNt)o  y loUi-m iHpngth  Uwl  vermin  llf^  Aro  I'loitovl  for  VArlous 

rAiloN  of  AppliOii  NtroNN  ro  tAiiAiU  yt#M  Krom  Kigui'o  Hi  wtUch 

(n  A  cvunpoiitv  of  tho  offootA  of  vAriouM  ooiuIMIomm  of  pivMM'AintnK  Anv< 
HtroAA  roKoving  on  tho  KY-«0  NtAot  h*At  tT*At«v1  to  yl«M 

Ntronttthi  ir  oad  ho  Moon  ttmt  2  porcont  proAtrAinina  in  tonMion,  or  oom- 
proMAiony  or  Aftor  Mtr«A«  r«ll«vtn(t  i^A4  UtMt  «ff«ot  on  th«  fAtitfvie 
Ufo  for  I'AtioM  of  Appiiod  MtreAM  to  tonNilo  yitfhl  AfronAth  Ahovo  OiHii,  It 
in  iittoi'OAtlna  to  noto  thti  th«  AH-hOAt-troAfod  HpocimtnM  Ano  thoNo  pro- 
•  trAlnod  in  toniion  And  MtroiM  roliovod  hAd  infinite  fAtlKiio  lifo  for  rttioM 
bolow  O.HO;  tho  othor  Mpot  ih\«nA  At  thii  rAtio  hAd  finite  fAtigue  Uvee. 

midUTd  OK  AUdTKNlTlZlNU  TIMPlfiHATURK  ON  KATlUfK  LIKN 

The  effect!  of  AUAteni tiling  tenperAture  were  negHcible  on  the 
fAtiipae  life  of  HY-HO  eteel  heAt  troAted  to  llliOOC-pil  teneile  yield 
«trength»  ee  ahown  in  Kiipire  14* 

SFKlfiCTii  OF  MAXIMUM  CKARPY  V-NOTCH  KNKROY  ON  FATIOUN  LIFK 

Figure  v)  ahow!  that  there  waa  a  deoiaiv«.  effect  of  tenalle  yield 
atrength  on  trenaveroo  Cherpy  V«notoh  mAximum  energy  abaorbed  and  on  NOT 
ten^eraturea ,  The  queation  then  ariaaa  aa  to  whether  theae  notoh-toughneaa 
propertiea  can  be  related  to  fatigue  life. 

The  effecta  of  the  tranaverae  Charpy  V-notch  level  on  fatigue  life 
are  plotted  in  Fifrure  IS,  It  ii  intereating  to  note  that  the  Inflection 
in  the  curvos  occura  around  the  4S-ft-.lb  level.  At  the  lS0,000-p8i  yield- 
strength  level I  the  tranaverae  Charpy  V-notch  ener®^  level  was  around  27 
ft-lb. 

To  dotermLno  whether  the  Charpy  V-notch  level  could  be  used  as  a 
criterion,  on  exporiiuentAi  7  l/2-percent  nickel  steel  (HY-150)  and  an  HP- 
150  8teel(ChArpy  values  of  b2  and  94  ft-lb,  respect  ively)  were  fatigue- 
tested* 

Figure  lb  conpares  fatigue  life  for  7  l/2-porcent  nickel  steel  (HY- 
ISO)  and  KP-150  to  that  of  HY-60  (plate  KlOd)  heat  treated  to  tlie  same 
strength  level  and  to  the  same  HY-80  composition  heat  treated  to  90-ksi 
yielii  strength.  This  figure  is  a  plot  of  the  ratio  of  applied  stress  to 
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yitld  itringth  v«raui  numbar  of  oyolaa  to  failura  for  chaaa  thrar  matariAla. 
It  la  Intaraatlng  to  nota  that  tha  HY-HO  haat  traatad  to  150,000-pal  ylald 
atrongth  and  tha  HP-150  and  HY-IM  had  Idantloal  ylald  atrongth  to  tanaila 
atrtngth  ratloa  of  0«d0  wharaaa  tha  90|000-pal  ylald  atrongth  HY-60  had  a 
ratio  of  0«H5. 

Tha  HV-HO  oompoaltlon  haat  traatad  to  150,000-p8i  yield  atranjith 
had  tha  lowaat  fatigue  llmitt  HY-ISO  and  HP-1 SO  can  be  conaidered  aa 
having  tha  aaaia  fatigue  life. 

Uaing  ideal  apaoimanai  tha  7  1/2-paroant  nickel  (HY-150),  tha  HP- 
1S0|  and  tha  HV-fiO  compoaitiona  haat  traatad  to  QO-kai  yield  atrongth 
appeared  to  have  aimilar  fatigue  livaa  whan  atraaaad  to  100  percent  of 
their  raapaotiva  yield  atrengtha.  However,  when  fatigue  tested  at  80  per¬ 
cent  of  their  yield  strengths,  HY-lflO  and  HP-ISO  had  a  finite  fatigue  life 
(100*000  oyolea)  whereas  HY-80  at  90,000  pal  could  be  considered  to  have  an 
infinite  fatigue  life. 

The  fatigue  life  of  fully  quenched  and  teiiq>ered  ateels  of  a  given 
HY-60  oOBposition  appears  to  be  related  to  yield  strength  to  tensile 

strength  ratio,  to  Charpy  V^fiotoh  properties,  and  to  strength  level.  When 
steels  of  other  conpositiona,  such  aa  HY-150  and  HP-150,  are  heat  treated 
to  a  150,000-psi  yield-atrength  level  having  the  same  yield  strength  to 
tensile  strength  ratio  and  having  high  Charpy  V^otch  levels  (above  50  ft- 
Ib),  the  fatigue  life  of  these  steels  is  somewhat  greater  than  the  HY-80 
ooBposition  at  this  strength  level.  Therefore,  it  is  indicated  that  maxi- 
nun  Charpy  V-«otch  energy  has  a  contributory  effect;  probably  the  effects 
of  li^act  strength  would  be  more  pronounced  for  specimens  with  greater 
cross-sectional  areas  than  the  specimens  used  in  this  investigation. 


DISCUSSION 

As  indicated  earlier,  HY-80  steels  specified  under  MIL-^-16216G  arc 
procured  to  yield  strength  rather  than  tensile  strength.  Since  this  is  the 
case,  the  yield  strength  rather  than  the  ultimate  tensile  strength  has  to 
be  used  as  the  fatigue  design  criterion. 

The  fatigue  data  presented  herein  indicate  that  the  higher  the 
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yield  snrcnRth,  the  shorter  the  fatij^o  life  for  a  given  ratio  of  applied 
stress  to  yield  strength. 

The  heat  affected  tone  (HAZ)  of  HY-WO  weldroent  can  be  expected  to 
have  variations  in  strength  level.  Superficially,  on  the  basis  of  nominal 
stress  and  strength  of  the  HAZ,  it  would  appear  that  fatigue  failure  should 
not  initiate  in  the  HAZ  since  the  higher  strength  zone  would  have  a  lower 
working  stress  ratio  and  thus  a  greater  fatigue  life.  Discounting  for  the 
present  the  effects  of  residual  stress  and  variations  in  microstniccure, 
the  effects  of  strain  have  to  be  considered.  Since  the  high-strength  areas 
in  the  HAZ  can  be  considered  to  have  a  width  which  is  incrementally  small, 
and  if  the  base  material  of  the  structure  yields  in  operation  due  to  the 
presence  of  design  discontinuities,  it  can  be  expected  that  these  incre¬ 
mental  high-strength  areas  will  also  yield  to  the  same  extent  as  the  base 
material.  If  such  is  the  case,  then  an  effective  high  ratio  of  «4>plied 
stress  to  yield  strength  will  be  experienced  in  the  HAZ.  Therefore,  as 
shown  in  Figure  8,  it  can  be  expected  that  the  high  strength  areas  in  the 
HAZ  can  become  a  nucleus  for  fatigue  cracks. 

Oie  cannot  use  higher  strength  steels  to  the  same  design  ratios  as 
lower  strength  steels  and  still  expect  to  get  the  same  fatigue  life.  For 
instance,  entering  the  curves  shown  in  Figure  8,  at  a  given  number  of 
cycles,  say  10^,  the  curve  designating  89-ksi  yield  strength  shows  an 
applied  stress  to  yield  strength  ratio  of  approximately  0.92,  and  the  curve 
for  the  108-ksi  yield  strength  has  a  ratio  of  0.87.  This  indicates  that 
for  the  same  fatigue  life,  increasing  the  yield  strength  by  21  percent  will 
only  increase  the  allowable  ^plied  stress  by  14  percent.  Figure  8  also 
shows  the  fatigue  life  for  HY-80  to  be  two  orders  of  magnitude  higher  than 
the  fatigue  life  of  HY-80  steel  heat  treated  to  160,000-psi  yield  strength 
at  a  ratio  of  implied  stress  to  yield  strength  of  0.80.  Figure  16  shows 
this  same  magnitude  of  difference  when  a  90,000-psi  yield  strength  HY'-80 
is  compared  to  the  experimental  HY-ISO  and  HP-150  steels. 

An  argument  may  be  made  that  if  the  designer  would  use  ultimate 
strength  rather  than  yield  strength  as  his  design  criterion,  that  for  a 
given  ratio  of  applied  stress  to  ultimate  tensile  strength,  the  higher 
strength  steel  will  have  the  same  fatigue  life  as  the  lower  strength 
materials,  as  indicated  in  Figure  10.  But  this  assiuiption  is  not  valid 
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when  one  considers  a  design  for  submerslbles.  Design  of  submerslbles  la 
based  on  yielding,  whether  it  be  at  the  0.2-t)ercent  offset  yield  strength 
or  at  some  other  yielding  criterion,  e.g.,  the  value  of  either  the  ratios 
of  secant  modulus  to  Young *s  modulus  or  tangent  modulus  to  Young's  modulus. 
Using  these  yielding  criteria,  the  ultimate  tensile  strength  will  have  to 
be  modified  for  the  criterion  used  In  the  design;  i.e.,  assuming  the  yield 
strength-'tensile  strength  ratio  is  0.84,  then  the  tensile  strength  is  re¬ 
duced  by  the  0,84  factor  when  calculating  the  static  strength  of  the 
structure.  Then  the  fatigue  design  can  be  considered  either  on  the  basis 
of  applied  stress  to  84  percent  of  the  ultimate  tensile  strength  or  on  the 
basis  of  applied  stress  to  yield  strength. 

There  is  an  indication  from  Figure  16  that  the  fatigue  life  of  a 
material  having  a  high  yield  strength  may  be  lnq>roved  if  the  maximum  Chaipy 
V-notch  values  can  be  raised  above  40  ft-lb. 

Prestraining  2  percent  in  either  tension  or  compression  can  be 
considered  to  have  negligible  effect  on  the  fatigue  life.  The  effects  on 
fatigue  life  of  greater  percentages  of  prestraining  or  of  embrittlement 
due  f o  stress  relieving  were  not  evaluated  in  this  investigation. 

It  is  interesting  to  note  that  grain  size  had  no  effect  on  the 
fatigue  life  of  an  HY-60  conposition  heat  treated  to  the  nominal  100,000- 
psi  yield-strength  level. 

The  intent  of  this  report  and  the  series  of  reports  to  follow  is  to 
indicate  the  metallurgical  factors  which  may  influence  the  fatigue  life  of 
HY-80  composition.  The  individual  metallurgical  factors  may  or  may  not  be 
cumulative  in  their  effect  cm  the  design  fatigue  life.  These  individual 
and  CQiid>ined  effects  will  be  evaluated  in  subsequent  reports. 

CONCLUSIONS 

Since  this  investlgatlcm  was  primarily  concerned  \d.th  the  effects 
of  individual  metallurgical  factors,  ideal  fully  quenched  and  tempered 
fatigue  specimens  were  used.  The  ccmclusions  presented  are  based  on  these 
ideal  specimms  tested  under  controlled  laboratory  conditions: 

1.  The  fatigue  life  for  a  given  ratio  of  working  stress  to  mechanical 
strength  has  to  be  based  on  the  criterion  used  to  design  a  structure;  i.e,, 
if  some  ratio  of  the  proportxonal  limit,  yield  strength,  or  ultimate  tensile 
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•  trerigth  is  uaeJ  for  doalgn  purpoaea,  the  fatigue  life  ahouhi  he  evaluated 
on  the  baaia  of  the  design  ratio  used. 

2.  The  major  metailurgical  factor  in  reducing  the  effective  working 
stress  to  yield  strength  ratio  is  increasing  yield  strength. 

3.  Prestraining  2  percent  in  tension  or  compression  and  stress  re¬ 
lieving  after  prestraining  can  be  considered  to  have  ver>’  little  effect  on 
the  fatigue  life. 

4.  Grain  size  has  no  effect  on  the  fatigue  life  of  KV-SO  composition 
steel  heat  treated  to  a  nominal  100,000-psi  yield-strength  level. 

5.  Use  of  newer  and  higher  strength  fully  martensitic  steel  alloys, 
such  as  HY-150  and  HP-150,  requires  more  detailed  fatigue  studies  than  re** 
ported  herein.  However,  this  study  does  indicate  that  caution  vail  have  to 
be  exercised  in  anaiyzing  model  and  large-specimen  fatigue  data. 
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Figure  1  -  Invest  "‘native  Steps  in  the  Fatigue 
Study  of  an  HY-80  Coin|>'osition 


TENSILE  HELD  STRENGTH,  KSI 

Figure  2  -  Relationship  between  Tensile  Yield  Strength 
and  Maximun  Transverse  Charpy  V-Notch  Energy 
for  Various  Fully  Quenched  and  Teirpered  HY- 

80  Steels 


13 


Figure  3  -  Effects  of  Tensile  Yield  Strength  on 
the  Notch-Toughness  Properties  of  an  HY- 
80  Steel  Heat  Treated  to  Contain  Various 
Micros  true tures 
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Standard  R.  K.  Moora  Fatigue  Test  Specimen 
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N,  NUMBER  OF  CYCLES  TO  FAILURE 

Figure  8  -  Ratio  of  implied  Stress  to  Tensile  Yield  Strength  versus 
Log  Number  of  Cycles  to  Fciilure  for  a  HY-80 
Composition  Heat  Treated  to  Four  Strength 

Levels 


MICROSTRUCTURE 
100  PQlCE^T  MARTENSITE 
AS  HEAT  TREATED 
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N,  NUMBER  OF  CYCLES  TO  FAILURE 

Figure  9  -  Ratio  of  implied  Stress  to  Tensile  Proportional  Limit 
versus  Log  Number  of  Cycles  to  Failure  for  an  HY-80  Compo¬ 
sition  Heat  Treated  to  Four  Strength  Levels 
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N,  NUMBER  OF  CYCLES  TO  FAILURE 

Figure  10  -  Ratio  of  Applied  Stress  to  Ultimate  Tensile  Strength  versus 
Log  Number  of  Cycles  to  Failure  for  an  HY-80  Composition  Heat 
Treated  to  Four  Strength  Levels 


Figure  12  -  Tensile  Yield  versus  Log  Number  of  Cycles  to  Failure  for 
Prestrained,  and  Prestrained  and  Stress  Relieved  HY-80  Composition 
at  Four  Ratios  of  ^plied  Stress  to  Tensile  Yield  Strength 
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Figure  15  -  Transverse  Charpy  V-Notch  Maximum  Ekiergy  versus  Log 
Nuiid>er  of  Cycles  to  Failure  for  an  As-Heat-Treated  HY-80 
Composition  at  Four  Ratios  of  Applied  Stress  to  Ten¬ 
sile  Yield  Strength 
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